METHOD FOR FABRICATING POWER SEMICONDUCTOR DEVICE HAVING 
TRENCH GATE STRUCTURE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a method for fabricating a power 
semiconductor device, and more particularly, to a method for fabricating a power 
semiconductor device having a trench gate structure 

2. Description of the Related Art 

Recently, power semiconductor devices having a trench gate structure have 
been widely used. Since the power semiconductor devices employ a trench gate 
structure, it is possible to prevent a junction field effect transistor (JFET) effect that 
may occur in a conventional planar structure and decrease the ON-resistance of the 
power semiconductor devices by decreasing the width of each cell and thus 
increasing the integration density of the power semiconductor devices. It is not 
difficult to manufacture a trench having a width of no greater than 1 j^m in 
consideration of a current technological level. However, since the size of a source 
region and a body region is dependent on the size of openings for a source contact 
and a body contact, alignment margins approximately reach 2 - 5 |j,m in 
consideration of a current lithographic technology. In order to decrease the size of 
openings for a source contact and a body contact, various methods have been 
suggested. 

FIGS. 1A through 1F are cross-sectional views illustrating a method for 
fabricating a power semiconductor device having a conventional trench gate 
structure. As shown in FIG. 1 A, an n"-type epitaxial layer 102 is formed on an 
n^ype silicon substrate 1 00. A pad oxide layer 1 04, a nitride layer 1 06, and a low 
temperature oxide layer 108 are sequentially and thinly formed on the n"-type 
epitaxial layer 102. Next, as shown in FIG. 1 B, the low temperature oxide layer 
108, the nitride layer 106, the pad oxide layer 104, and the silicon substrate 100 are 
sequentially etched to a predetermined depth of the silicon substrate 100 using a 
predetermined mask layer pattern, for example, a photoresist layer pattern (not 
shown), to form a trench 1 1 0. Next, the photoresist layer pattern is removed. Next, 
as shown in FIG. 10, a gate insulating layer 112 is formed along the surface of the 



trench 110, and a gate conductive layer 1 14 is formed to completely fill the trench 
1 1 0. Next, as shown in FIG. 1 D, the gate conductive layer 11 4 is etched back to be 
level with the top surface of the silicon wafer 100, and then an oxide layer 116 is 
formed on the gate conductive layer 1 1 4. Next, p-type impurity ions are implanted 
using the oxide layer 1 16 as an ion implantation mask to diffuse into the silicon wafer 
1 00, thereby forming a p'-type body region 1 1 8. Next, nMype impurity ions are 
implanted using a predetermined mask layer pattern (not shown) and the oxide layer 
1 16 to diffuse Into the silicon wafer 100, thereby forming an n^-type source region 
120. Next, the mask layer pattern is removed. Next, as shown in FIG. 1 E, spacer 
layers 122 are formed at the sidewalls of the oxide layer 116. P+-type impurity ions 
are implanted using the spacer layers 122 and the oxide layer 1 16 as ion 
implantation masks to diffuse into the silicon wafer 100, thereby forming a p^-type 
body contact region 1 24. Next, as shown in FIG. 1 F, the top surfaces of the n+-type 
source region 120 and the p+-type body contact region 124 are exposed, and then a 
metal layer is deposited on the silicon wafer 100, thereby forming a source electrode 
126. Next, a metal layer (not shown) is deposited at the bottom surface of the 
silicon substrate 100, thereby forming a drain electrode (not shown). 

In the method for fabricating a power semiconductor device, since a source 
region and a body contact region are formed in a self-alignment manner, a smaller 
number of masks (five masks) are required in the manufacture of a power 
semiconductor device. In addition, according to the above method, it is possible to 
increase the integration density of cells and improve the current driving capability 
and ON-resistance characteristics of a power semiconductor device. However, as 
the size of cells of a power semiconductor devices decreases, the integration density 
of the cells continues to increase considerably. In addition, there is a limit in 
decreasing the width of cells due to restrictions on the width of the spacer layers 122 
and the lengths of the nMype source region 120 and the pMype body contact region 
124. 

SUMMARY OF THE INVENTION 
To solve the above-described problems, it is an object of the present invention 
to provide a method for fabricating a power semiconductor device having a trench 
gate structure which is capable of increasing the integration density of cells by 
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decreasing the lengths of a source region and a body contact region using a small 
number of masks. 

Accordingly, to achieve the above object, there is provided a method for 
fabricating a power semiconductor device. An epitaxial layer of a first conductivity 
type having a low concentration and a body region of a second conductivity type are 
sequentially formed on a semiconductor substrate of the first conductivity type 
having a high concentration. An oxide layer pattern is formed on the body region. 
A first trench is formed using the oxide layer pattern as an etching mask to perforate 
a predetermined portion of the body region having a first thickness. A body contact 
region of the second conductivity type having a high concentration is formed to 
surround the first trench by impurity ion implantation using the oxide layer pattern as 
an ion implantation mask. First spacer layers are formed to cover the sidewalls of 
the first trench and the sidewalls of the oxide layer pattern. A second trench is 
formed using the oxide layer pattern and the first spacer layers as etching masks to 
perforate a predetermined portion of the body region having a second thickness 
greater than the first thickness. A source region of the first conductivity type having 
a high concentration is formed to surround the second trench by impurity ion 
implantation using the oxide layer pattern and the first spacer layers as ion 
implantation masks. Second spacer layers are formed to cover the sidewalls of the 
second trench and the sidewalls of the first spacer layers. A third trench is formed 
to a predetermined depth of the epitaxial layer using the oxide layer pattern, the first 
spacer layers, and the second spacer layers as etching masks. A gate insulating 
layer is formed in the third trench. A gate conductive pattern is formed in the gate 
insulating layer. An oxide layer is formed on the gate conductive layer pattern. 
The first and second spacer layers are removed. A first metal electrode layer is 
formed to be electrically connected to the source region and the body contact region. 
A second metal electrode layer is formed to be electrically connected to the gate 
conductive layer pattern. A third metal electrode layer is formed to be electrically 
connected to the semiconductor substrate. 

The silicon oxide layer pattern is preferably formed to a thickness of about 
4500 A at a temperature of about 1000 °C. 



Forming the first spacer layers preferably includes forming a material layer to 
cover the first trench and the silicon oxide layer pattern, and etching back the 
material layer. 

Preferably, forming the second spacer layers includes forming a material layer 
to cover the second trench, the first spacer layers, and the silicon oxide layer pattern, 
and etching back the material layer. 

The material layer used to form the first or second spacer layers may be a 
nitride layer. Preferably, the material layer used to form the first or second spacer 
layers is formed by low pressure chemical vapor deposition. Preferably, etching the 
material layer is performed by plasma ion etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above objects and advantages of the present invention will become more 

apparent by describing in detail a preferred embodiment thereof with reference to the 

attached drawings in which: 

FIGS. 1 A through 1F are cross-sectional views illustrating a method for 

fabricating a power semiconductor device having a conventional trench gate 

structure; and 

FIGS. 2A through 2J are cross-sectional views illustrating a method for 
fabricating a power semiconductor device having a trench gate structure according 
to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention will now be described more fully with reference to the 
accompanying drawings, in which a preferred embodiment of the invention is shown. 
This invention may, however, be embodied in many different forms and should not 
be construed as being limited to the embodiment set forth herein. 

FIGS. 2A through 2J are cross-sectional views illustrating a method for 
fabricating a power semiconductor device having a trench gate structure according 
to the present invention. Referring to FIG. 2A, an n"-type epitaxial layer 202 is 
grown on an n^-type semiconductor substrate, for example a silicon substrate 200. 
The n^-type silicon substrate 200 has a resistivity of 2 - 4 Qcm and the n-type 
epitaxial layer 202 is formed to have a thickness of about 5 [im. Next, an oxide 



layer (not shown) is thinly formed on the n"-type epitaxial layer 202. Next, p"-type 
impurity ions, for example, BF2 ions of a low concentration are implanted to diffuse 
into the silicon substrate 200, thereby forming a p"-type body region 204 on the 
n"-type epitaxial layer 202. Next, the p"-type body region 204 is thermally oxidized 
at a temperature of about 1000 °C to grow a silicon oxide layer to a thickness of 
about 4500 A. Next, a silicon oxide layer pattern 206 is formed to partially expose 
the surface of the p"-type body region 204 by patterning the silicon oxide layer using 
a first mask layer pattern (not shown). 

Referring to FIG. 2B, the p"-type body region 204 is etched to a depth of about 
0.5 using the silicon oxide layer pattern 206 as an etching mask to form a first 
trench 208. Next, pMype impurity ions, for example, BF2 ions of a high 
concentration are implanted using the silicon oxide layer pattern 206 as an ion 
implantation mask to diffuse into the silicon substrate 200, thereby forming a p^-type 
body contact region 210. 

Referring to FIG. 2C, first spacer layers 212 are formed to cover the sidewalls 
of the first trench 208 and the sidewalls of the silicon oxide layer pattern 206. 
Forming the first spacer layers 212 involves forming a nitride layer on the entire 
surface of the silicon substrate 200 by low pressure chemical vapor deposition 
(LPCVD) and etching-back the nitride layer by plasma ion etching. 

Referring to FIG. 2D, a second trench 214 is formed by etching the first trench 
208 using the silicon oxide layer pattern 206 and the first spacer layers 212 as 
etching masks. The second trench 214 is formed to a sufficient depth to perforate 
the lower portion of the pMype body contact region 204. Next, n*-type impurity ions, 
for example, arsenic (As) ions of a high concentration are implanted to diffuse into 
the silicon substrate 200, thereby forming an n^-type source region 214. 

Referring to FIG. 2E, second spacer layers 216 are formed to cover the 
sidewalls of the second trench 21 4 and the sidewalls of the first spacer layers 212. 
Forming the second spacer layers 216 involves forming a nitride layer on the entire 
surface of the silicon substrate 200 by LPCVD and etching-back the nitride layer by 
ion etching. 

Referring to FIG. 2F, the second trench 214 is etched using the silicon oxide 
layer pattern 206, the first spacer layers 212, and the second spacer layers 216 as 
etching masks, thereby forming a third trench 21 8. Here, the third trench 21 8 is 



formed to a predetermined depth of the n"-type epitaxial layer 202, perforating the 
p"-type body region 204. Next, a gate oxide layer 220 is formed to a thickness of 
about 500 A at the sidewalls of the third trench 218 by dry oxidization. 

Referring to FIG. 2G, a polysilicon layer 222 doped with POCia is deposited on 
the silicon substrate 200. The polysilicon layer 222 is formed to completely fill the 
third trench 218 and cover the top surfaces of the silicon oxide layer pattern 206, the 
first spacer layers 212, and the second spacer layers 216. Next, a nitride layer 
pattern 224 is formed on the polysilicon layer 222. Forming the nitride layer pattern 
224 involves forming a nitride layer to a thickness of about 1600 A on the polysilicon 
layer 222 by LPCVD, forming a second mask layer pattern (not shown) on the nitride 
layer, and etching the nitride layer using the second mask layer pattern as an etching 
mask. The nitride layer pattern 224 has an opening through, which the surface of 
the polysilicon layer 222 except for the edge of the polysilicon layer 222, i.e., a 
predetermined portion of the polysilicon layer 222, on which an electrode wiring line 
will be formed, is exposed. 

Referring to FIG. 2H, the exposed portions of the polysilicon layer 222 are 
etched back using the nitride layer pattern 224 as an etching mask by plasma ion 
etching to leave only a predetermined portion of the polysilicon layer 222. The 
remaining portion of the polysilicon layer 222 serves as a gate conductive layer 
pattern surrounded by the gate oxide layer 220 in the third trench 218 and having a 
top surface lower than the bottom surface of the nMype source region 214. Next, 
the silicon substrate 200 is heat-treated in an oxygen atmosphere, thereby forming a 
poly oxide layer 226 on the polysilicon layer 222 serving as a gate conductive layer 
pattern. The poly oxide layer 226 is also formed at a side of the polysilicon layer 
222 serving as a gate electrode wiring line 

Referring to FIG. 21, the nitride layer pattern 224, the second spacer layers 
216, and the first spacer layers 212 are removed by etching so that the surfaces of 
the pMype body contact region 210 and the nMype source region 214 are partially 
exposed. Next, a metal silicide layer 228 is formed at the exposed surfaces of the 
p*-type body contact region 210 and the n^-type source region 214 by a typical 
silicidation process. Next, a metal layer, for example, an aluminum layer is formed 
on the entire surface of the silicon substrate 200. Next, the metal layer is etched 
using a third mask layer pattern (not shown) as an etching mask, thereby forming a 



source electrode 230 and a gate electrode 232 to be isolated from each other. The 
source electrode 230 Is electrically connected to the pMype body contact region 210 
and the n*-type source region 214 through the metal sillcide layer 228, and the gate 
electrode 232 is electrically connected to the polysilicon layer 222. The source 
electrode 230 and the gate electrode 232 are insulated from each other by the poly 
oxide layer 226. A metal layer (not shown) is also formed at the bottom surface of 
the silicon substrate 200 to form a drain electrode (not shown). 

Until now, the present invention has been described above with an n-channel 
power semiconductor device as an example. However, it is quite clear to those 
skilled in the art that the present invention can also be applied to a method for 
fabricating a p-channei power semiconductor device. In other words, it is possible 
to apply the present invention to a method for fabricating a p-channel power 
semiconductor device by changing elements that have been described above as 
being an n-type conductivity type into elements of a p-type conductivity type, and 
changing elements that have been described above as being a p-type conductivity 
type into elements of an n-type conductivity type. 

As described above, in the method for fabricating a power semiconductor 
device having a trench gate structure according to the present invention, since 
spacer layers and a trench are repeatedly formed in a self-alignment manner, it is 
possible to minimize the area occupied by a source region and a body contact region. 
Accordingly, the integration density of cells increases, and it is possible to 
manufacture a power semiconductor device having improved current driving ability 
and resistive characteristics. In addition, this method requires a smaller number of 
mask layer patterns (only 3 mask layer patterns) than the prior art (4 mask layer 
patterns). 



